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INVESTIGATION OF AN INTERSTATE-57 BRIDGE BEAM BRITTLE FRACTURE 
1. INTRODUCTION 
1.1 General Comments. 
During the summer of 1977, investigators of the Civil Engineering 
Departn~nt of the University of Illinois were notified of a fracture that 
occurred in an Illinois highway bridge beam. The beam was part of a four-
span, I-beam, composite construction bridge spanning F. A. I. route 57. 
Plan and elevation sketches of the bridge are shown in Fig. 1. Beam 2B2 
in the figure was the only beam that fractured. 
The problem was referred to investigators at the University of Illi-
nois who were conducting an investigation for the Illinois Highway Research 
Council, Illinois Department of Transportation (Project IHR-304) concerned 
with the development of criteria to minimize the probability of fracture 
in steel highway bridges. Since this bridge fracture was so closely 
related to the objectives of this project, the staff undertook the task 
of investigating the fracture. The data from this analysis will be help-
ful to the researchers in verifying some of the criteria being established 
to minimize fracture in steel bridges. 
The fractured beam, beam 282, was a W36 x 150 rolled section, speci-
fied to be of ASTM A36-67(2)steel. Upon examination of the fractured beam 
it was noted that there were eight plug welds used to plug bolt holes that 
had been drilled incorrectly. The failure was actually two separate 
fractures which initiated at two of these plug welds. Both fractures 
porpagated down through the flange at a common termination point and 
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longitudinally along the web at about mid-depth, one crack extending about 
1 ft. (0.305 m) in one direction while the other propagated approximately 
15 ft. (4.57 m) in the opposite direction. Altogether, the crack covered 
about one-third the length of beam 2B2. The photographs in Fig. 2 show 
the cracked beam in the bridge; in Figs. 2a and 2b four of the plug welds 
can be seen near the bottom of the web. 
The fracture probably occurred during the winter of 1976-1977. During 
this time, the lowest temperature that the beam experienced was probably 
about -20° F (-29° C). With this preliminary information, a detailed 
investigation was then conducted to ascertain the reasons for the fracture. 
The results of the investigation are reported herein. 
1.2 Acknowledgements. 
This study was conducted as a part of the Illinois Cooperative Highway 
and Transportation Research Program, Project IHR-304, "Steel Bridge Design 
Criteria to Help Minimize the Probability of Fracture," by the Department 
of Civil Engineering, in the Engineering Experiment Station, University 
of Illinois at Urbana-Champaign, in cooperation with the Illinois Depart-
ment of Transportation and the U.S. Department of Transportation, Federal 
Highway Administration. 
The tests reported herein were conducted by Mr. William Handel, a 
Research Assistant in Civil Engineering, working under the direction of 
Professor W. H. Munse, Professor of Civil Engineering at the University 
of Illinois. Mr. Mark Bowman, a Research Assistant in Civil Engineering 
assisted with some of the fracture examinations. 
The fractured section of the bridge beam was removed from the I-57 
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bridge and delivered to the Structural Laboratory at the University of 
Illinois by the Illinois Department of Transportation. The field tests 
to obtain strains in the repaired bridge in the region of the failure 
were conducted by Mr. Floyd Jacobsen of the Illinois Department of Trans-
portation. 
2. DESCRIPTION OF INVESTIGATION 
2.1 Beam Removal and Replacement. 
The first step in the investigation was to remove the fractured beam 
section and to deliver it to the laboratory at the University of Illinois. 
The lower portion of the beam (a tee-section) was removed from the bridge 
by flame cutting the web horizontally at a section ten incbes below the top 
flange for the entire length of beam 282 (the portion between two bolted 
splices - see Fig. la). A new tee-section, matching the one that had been 
removed, was welded and then bolted into place to retain the bridge in 
service. The fractured tee-section was transported to the University of 
Illinois. Figure 3 shows a portion of the beam that had been delivered 
to the 1 aboratory; Fig. 4 is a sketch of the secti on removed from the 
bridge. This sketch shows the locations of all eight plug welds (numbered 
1 to 8), and the locations of the cracks going through welds 3 and 4. 
For ease in handling, the tee-section was cut into several separate 
pieces. As the study progressed, various test specimens were then cut from 
the beam. gure 5 is a sketch of the beam, indicating the location at 
which the pieces and specimens were cut from the beam. 
2.2 Proposed Tests. 
Various tests were proposed to investigate the characteristics of the 
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steel and the conditions that may have been present in the beam at the 
time of failure. A series of field tests were planned to obtain an indi-
cation of the maximum strains that might have been experienced by the beam 
at certain selected locations. In the laboratory, tests such as tensile 
tests, Charpy V-notch tests, fracture toughness tests, low temperature 
tensile tests, and chemical analyses were planned to investigate the 
physical and chemical characteristics of the steel. Radiographs of the 
plug welds and photographs of the fracture surface were taken also to help 
define the conditions in the welds and the sequence in which the fracture 
occurred. The results of the tests and the analysis of these tests are 
discussed in the following sections. 
3~ DISCUSSION AND ANALYSIS OF TEST RESULTS. 
3. 1 Fi e 1 d Tests. 
The fi e I d tes ts we re conducted on the repa ired b ri dge by t·1r. Floyd 
Jacobsen of the Illinois Department of Transportation. In these tests, a 
truck loaded with gravel to 44,700 lb. (98,500 kg) was driven across the 
bridge to apply a live-load to the structure. Since the truck was heavily 
loaded, it provided stresses greater than would be expected from normal 
traffic. The normal traffic using this particular bridge is composed of 
antomobile and light farm equipment. A sketch of test truck and its wheel 
loadings are shown in Fig. 6. Figure 7 shows the test truck loaded with 
gravel for use in the tests. 
To measure strains in the replacement beam 282, a series of strain 
gages were placed at various critical locations. Figure 8 shows the loca-
tion of strain gages. The gages at section C-C numbered 24 and 34 were 
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placed at approximately the initiation point of the fracture and were used 
to calculate the maximum live-load stress that may have existed at the 
time of fracture. The tests conducted by the Illinois Department of Trans-
portation consisted of running the test truck over the bridge in various 
positions in the lane over beam 2B2 and at different speeds. The maximum 
strains were recorded and corresponding maximum stresses calculated. 
Table 1 presents the results of the field tests and shows the maximum 
compression and tensile strains under only the applied live-load (dead-load 
is neglected), and for four different gage locations. The live-load stress 
ranges in the bridge during these tests were all quite low. The maximum 
stress range in beam 2B2 was only 3.11 ksi (21.4 MPa). Since the steel used 
in this beam was specified as ASTM A36-67(2), which has a yield pOint over 
36,ksi (248 MPa)9 these low tensile stresses (dead-load stress estimated to 
be 2.3 ksi (15.9 MPa), are well below the yield point of the steel. There-
fore, the beam fracture was not caused by only the stresses due to dead-load 
and live-load on the bridge, but rather a combination of the dead-load, live-
load and residual stresses in the beam at the critical location. 
3.2 Laboratory Tests 
The results of the various laboratory tests conducted on the material 
from beam 2B2 are presented in this section. 
3.2.1 Material Properties. 
3.2.1.1 Chemical Analysis. 
A chemical analysis was run on the steel of beam 2B2 for comparison 
with the ASTM requirements. A small piece of steel was cut from the web 
and sent to a commerical laboratory in Chicago for analysis. The results 
of this check analysis are shown in Table 2. Also shown in Table 2 is the 
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chemical composition reported on the mill report and the current chemical 
requirement specified in ASTM standard A709 for Grade -36 steel(2). It can 
be seen that the actual chemical composition of the steel is well within 
specified limits for current bridge steel of the strength level required. 
3.2.1.2 Tensile Properties. 
Tensile tests also were conducted on specimens taken from beam 2B2 
following the ASTM-E8(1) procedures. Six rectangular tensile coupon speci-
mens (1-1/2in.(38.1 mm) wide - 8 in.(203 mm) gage length) were cut from 
the beam: three from the flange and three from the web. Figure 5 shows 
the location at which these specimens were cut. All specimens were cut 
from the beam so that their longitudinal axis was parallel to the direction 
of ' rolling. The thickness of the specimens was the full thickness of the 
material the specimen was cut from; 5/8 in. (15.9 mm) for the web specimens 
and about 1 in. (25.4 mm) for the ange specimens. 
All results collected from the tensile tests and the tensile data 
reported on the mill report are shown in Table 3. The yield point, ulti-
mate strength,and the elongation obtained in the tests for both the web 
and the flange are virtually the same as corresponding values given in the 
mill report. The tensile properties exhibited by the steel are well within 
the specification requirements for ASTM A-709 Grade 36 steel, which are 
shown at the bottom of Table 3. 
3.2.2 Toughness Tests. 
3.2.2.1 Charpy V-Notch Tests. 
The first toughness tests run were Charpy V-notch impact tests. These 
tests were conducted in accordance with ASTM standard A370(2). Four sets 
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of standard size specimens were cut from the beam, each set having a dif-
ferent location or orientation. The first set of specimens (WL) were cut 
from the web with their lengths parallel to the direction of rolling of 
the beam (the notch perpendicular to the direction of rolling), while the 
other set of specimens cut from the web (WT) had their length transverse 
to the direction of rolling (the notch parallel to the direction of rolling). 
All of the specimens from the web were made with the notch perpendicular to 
the surface of the web. There were also two sets of specimens taken from 
the flange. All of the specimens from flange were made with their 
lengths parallel to the direction of rolling of the beam and their notches 
parallel to the surface of the flange. One set of specimens (FT) was 
located at the top of the flange while the other set (FM) was located at 
the mid-depth of the flange. The section of the beam from which the speci-
mens were cut is shown in Fig. 5. 
For each set of specimens, impact tests were run at seven different 
temperatures. At least three specimens were tested at each temperature 
to obtain a good indication of the i on curve for each specimen 
location (see Table 4). All of the coll were plotted and transi-
tion curves drawn for each set of specimens. These transition curves are 
shown in Fig. 9. 
The curves indicate that the Charpy toughness varies th the orienta-
tion of the specimens. The FM and FT specimen curves are highest and 
approximately the same, showing ve 1; e variation through the 
thickness of the flange. The two curves from the web specimens show a 
marked contrast, depending on the orientation of the specimens. The WL 
specimens were oriented such that the crack would propagate transverse 
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to the web and in a direction parallel to that in which the initial frac-
ture in beam 2B2 propagated, while the WT specimens were oriented such 
that the crack would propagate along the length of the web, the direction 
in which the long crack in beam 2B2 propagated. It can be seen that the 
upper plateau of the Charpy V-notch curve for a crack propagating in the 
longitudinal direction is much lower than that for a crack propagating in 
the web in a transverse direction. However, at -20° F (-29° C), the 
specimens from all four locations had Charpy V-notch values that ranged 
from 4 to 10 ft. lb. (5.4 to 13.6 J)e 
In addition to the comparative analysis between the orientations of 
the Charpy specimens, the Charpy data can also be compared to the zone 
designations 1n the AASHTO Highway Bridge Specification(3). The zones 
represent different minimum service temperatures. For 36 grade ASTM-A709(2) 
structural steel the Charpy V-notch requirements and the corresponding 
zone designations are: 
ASTM-A709 ;Gr 36 AASHTO 
Charpy V~Notch, ft.1b.(J) Minimum Service Temperature 
Zone 1 15 (20) @ 70° F (21° C) 0° F (-18° C) and above 
Zone II 15 (20) @ 40° F (4° C) -30 (-34) to 0° F (-18° C) 
Zone III 15 (20) @ 10° F (-12° C) -60 (-51) to 30° F (-34° C) 
data in g. 9 shows that Charpy values satisfy zone II throughout 
the entire beam cross section. According to AASHTO Specifications, this 
steel should have been useable to least -30° F (-34° C). Since beam 
2B2 probably fractured when the temperature was about -20° F (-29° C), 
the fracture toughness of the steel, as indicated by the Charpy data, met 
the current design requirements for the bridge location but was not ade-
quate to protect against brittle fracture when seriously flawed plug welds 
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were included in the beam. 
3.2.2.2 Fracture Toughness Tests. 
Four fracture toughness tests were also conducted on specimens taken 
from the beam to establish a toughness for the steel. Since the A-36 
steel used in this beam is such a ductile steel, a valid determination of 
a Krc value was not possible.* Therefore, a notched-plate test was used 
to determine a static fracture toughness value, KC' for the steel at two 
selected low temperatures. 
Four specimens were cut from the web of beam 2B2 with a width of 
3 1/2 in. (89 1m1) and a length of 24 in. (610 mm) (in the direction of 
rolling). At the center of each specimen~ a 3/8-in. (9.5 mm) diameter 
hole was drilled and saw cuts were made on each side of the hole, per-
pendicular to the length of the specimen, to a depth of approximately 
0.06-in. (1.5 mm). Each specimen was then fatigue cracked on a stress 
cycle of 0 to 30 ksi (207 MPa). A sketch of these specimens is shown in 
Fig. 10. Figure 5 shows the beam location from which the fracture 
toughness specimens were cut. 
Each test was conducted by lowering the temperature of the specimen 
to the desired level and then slowly loading the specimen in tension until 
fracture (all were brittle by fracture appearance) occurred. The static 
fracture toughness was then calculated using the equation: 
*Krc is the plane strain fracture toughness of a material and can be obtained 
only if the material thickness t ~ 205 (.~)2!1 where 0y is the yield strength 
0y 
of the material. Since the web of the beam was not thick enough to provide 
a Krc value, a notched-plate test was used to determine the critical value 
of the static fracture toughness, KC a ue that 11 be greater than Krc because of some local yielding. 
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P 1 
KC :: Am ;.;-a (sec ,\a ) ~ 
where, 
P :: Load at failure in kips 
m 
a :: Crack half length, in. 
t :: Width of specimen, in. 
A :: Area of gross cross-section, sq.in. 
The data from the fracture toughness tests and the calculated KC values 
are given in Table 5. 
The fracture toughness tests were run at -20 (-29? C) and -40 0 F 
(-40 0 C) to obtain a valid value of Ke. The three tests were run at -20 0 F 
(-29 0 C) because it was highly probable that at the time the beam fractured, 
during the winter of u76-u77~ the temperature of the steel was about -20 0 F 
(-29 0 C). Since the static fracture toughness determined by this test is 
dependent on the testing temperature, a good indication of the fracture 
toughness at -20 0 F (-29 0 C) would be obtained in the test. The tempera-
ture of -40 0 F (-40 0 C) was used for one of the tests to indicate whether 
any significant change in the fracture toughness would occur if the temper-
ature was lower than -20 0 F (-29 0 C). 
Table 4 shows that the fracture toughness level for this steel at 
-20 0 F (-29 0 C) averaged 52.1 ksi I1n. (57.2 MNm- 3/2). In a study by L. I. 
Knab eta ale (4) it is suggested that the lower bound value of KIC for 
ASTM-A36 zone III steels will be 43 ksi I1n. (47.2 MNm- 3h ) Based on the 
results of the Charpy V-notch tests and, since the KC values calculated 
above were higher than 43 ksi I1n. (47.2 ~~Nm_3/2), it is evident that the 
s tee 1 used in beam 2B2 met the req ui rements fa r zone I I I s tee 1 s an d there-
fore normally should be useable to temperatures lower than those to which 
-11-
the failed beam was subjected. 
3.2.3 Low Temperature Tensile Tests of Plug Welds. 
The final tests run in the laboratory consisted of applying a tensile 
load to a rectangular specimen contai n9 a plug weld. Four specimens, 
lOa, lOb, 10c, and 10d, were cut from the web of beam 2B2 as shown in Fig. 
5. These specimens contained plug welds 5, 6, 7, 8 respectively (on Fig. 
4), and were assumed to be representative of all eight plug welds. The 
test specimens were prepared with a thickness equal to the thickness of 
the web, approximately 5/8-in. (15.9 mm), and 9 width of about 3 in. 
(76.2 mrn). Each specimen was machined such that the plug weld was cen-
tered on the width of the specimen. 
The tests were run much like the fracture toughness test described 
earlier; each specimen was lowered to the desired temperature and then 
pulled until fracture occurred. Table 6 presents the results of the four 
tests. The temperatures of -20 (-29 0 C) and -40 0 F (-40 0 C) were used 
for correlation of the data with res ts of the fracture toughness tests. 
The principal objective of these tests was to rmine whether a 
low stress brittle fracture would initiate at these low temperatures as 
a result of the conditions in the weld and the steel. The data in Table 5 
shows that the tensile strength of each specimen was at least 100 kips or 
about 55ksi (379 MPa), which means that each specimen broke at a fairly 
high tensile stress, although well below the tensile strength that would 
be expected at -20 (-29 0 C) to -40 0 F (-40 0 C). These tests did not 
provide low stress brittle fractures from the plug welds, as might have 
been expected. However, the conditions in these test specimens were not 
exactly the same as the conditions present in beam 2B2 at the time of the 
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original fracture. The test specimens where stressed in tension in a 
direction through the depth of the beam, while the flexure tensile stresses 
present at welds 3 and 4 when the original fracture initiated were in a 
direction parallel to the longitudinal axis of the beam. Also, since the 
specimens were removed from the beam and cut into relatively narrow strips, 
the magnitude and direction of any residual stresses produced by the rol-
ling of the beam were much different than the residual stresses that 
existed when the original fracture initiated. Thus, a number of factors 
that existed at the time of the beam failure were changed and may account 
for the difference in behavior observed between the laboratory tests of 
the plug-welded specimens and the beam 2B2 failure. Another factor that 
may have caused the difference in behavior is the difference in weld flaws 
observed in the radiographic examinations. These differences in weld flaws 
could also affect the behavior markedly. 
3.3 Photographic Studies. 
3. 3. 1 Radi ographs. 
Since a visual examination of the fractured 2B2 in cated that 
the plug welds had a major influence on the initiation the fracture, 
further information on the quality of these welds was of importance. To 
obtain such information a series of radiographs were taken of all eight 
plug welds present in the beam. Since the plug welds were positioned on 
the beam in two groups of four, two radiographs were taken. 
The radiographs of each group of welds were taken with the surface of 
the welds, and the surrounding steel machined smooth and flat. Figure 11 
is a positive print of the two radiographs that were taken. The upper 
portion of the figure shows welds 1, 2, 3 and 4, left to right in the 
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picture; the bottom portion shows welds 5, 6, 7 and 8, left to right. In 
these radiographs the lighter area within the welds indicate flaws present 
in the welds, the lighter the area the greater the loss in thickness as a 
result of the flaw. 
The top radiograph in Fig. 11 shows the cracks that passed through 
welds 3 and 4. As stated earlier, the failure in beam 2B2 was actually two 
separate brittle fractures. The rough edge along the right side of this 
radiograph indicates the location of the crack which initiated at weld 
number 4. The dark space adjacent to the second weld from the right 
indicates the separated crack which initiated at weld number 3. These 
two cracks intersected at a point in the flange, just below that portion 
of the beam shown in this radiograph. 
One of the most noticeable factors in the radiographic prints in 
Fig. 11 is the amount of weld flaw present in each of the welds. In most 
cases a major portion of the hole area contains serious flaws; little care 
was taken to assure sound welds. Obviously the flaws in the welds (slag 
inclusions and lack of fusion) were a major factor in uencing the ini-
tiation of the fractures. The flaws in essence produced internal cracks 
and regions of high stress concentrations. These stress concentrations 
amplify any loading stresses in the beam and, along with the residual 
stresses, made the beam much more susceptible to brittle fracture than if 
no flaws had been present. 
It is also evident in Fig. 11 that welds 1, 2, 3, and 4 (upper portion 
of figure) had more extensive flaws and possibly more and greater lack of 
fusion than welds 5, 6, 7, and 8 (lower portion of figure). This could 
help account for the fact that low stress fractures developed at welds 3 
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and 4 but not in the tests of welds 5, 6, 7, and 8 as reported in section 
3.2.3. 
3.3.2 Fracture Surface Examination. 
A series of photographs was taken of the fracture surfaces of beam 
282. The photographs, which are shown in Fig. 12 (a to i), help to define 
the fracturing process, the direction and sequence of propagation, and the 
points of initiation. The letter (a to i) corresponding to each photo-
graph in Fig. 12 has been marked in Fig. 13 to help locate the position 
of each photograph along the fracture. 
From the photographs it is qui evident that this was a brittle 
fracture along'its entire length; only a small shear lip is visilbe along 
the outer edges of the fracture surface. Even at the end of one of the 
cracks, shown in photograph(i), where it terminated in the flange, there 
is only a small shear lip indicating very little ductility in the fracture. 
Also, the readily evident herringbone patterns and the fine texture of 
the fracture adjacent to the plug welds indicate that this was a brittle 
fracture that propagated at a high s and at a low nominal stress level. 
As noted previously, two separate cracks occurred during the frac-
turing process, one through weld 3 and the second through weld 4. Photo-
graphs(a) and (b) show the weld interiors and surrounding the fracture 
surfaces at welds 3 and 4 respectively. The slag and voids observed in 
the radiographs can be seen easily in the photographs. In addition, the 
fracture surfaces on either side of the welds show herringbone patterns 
whose orientations indicate that both cracks propagated away from the welds. 
Thus, the welds were the points of initiation for the fractures. Both 
cracks started at a weld, propagated down through or to the flange, and 
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also up and along the web. Upon fracture of the flange the resulting 
release of dead-load, live-load, and residual stresses would then cause the 
continued propagation of the cracks in the web along the length of the 
beam. 
Photographs (c), (d)~ (e), and (f) were taken at various locations 
along the fracture and show a clear herringbone pattern ppinting towards 
the plug welds. This substantiates the fact that the cracks propagated in 
both directions away from the welds. Photograph (c), taken just above 
weld 3, shows a coarser texture than most regions sugges n9 that is 
portion of the fracture may have occurred at a somewhat higher level stress 
than other portions of the fracture; photographs (d) and (f) show a much 
finer texture. 
Photograph (g) shows an overall view of the piece of the beam marked 
Number 3 in Fig. 5. Most of the crack which went through weld 3 is shown 
in this photograph. Photograph (h) is a general view of the ece marked 
Number 4 in Fig. 5 and was located between welds 3 and 4. The last photo-
graph, (i), is a closeup the lower of the fracture initiated 
at weld 4 and shows where it terminated in ange. 
Based on the information in these photographs~ it is apparent that the 
crack th initiated at weld 3 must rough the flange 
before the crack from weld 4 reached the flange. This is indicated by the 
single flat surface across the entire flange just below weld 3 (see Fig. 
12a). The crack from weld 4 (probably occurring about the same time as 
the crack from weld 3) made a turning, sweeping motion as it propagated 
toward the flange (see g. 12;) and then terminated at a point in the 
flange where the first crack had already occurred. If the crack through weld 
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4 had occurred first, it would have propagated through the bottom flange. 
The sketch in Fig. 14 shows the area of the beam around welds 3 and 4. 
The dotted lines in the sketch indicate the positions and directions of 
propagation of the cracks. 
4. SUMt,1ARY AND CONCLUSIONS 
In this report, the results of a variety of tests on a fractured 
beam from an I-57 bridge are presented and discussed in detail. 
The maximum live-load stresses expected in the beam at the critical 
fracture location, as indicated by the field tests, were relatively small, 
far below the AASHTO allowable stresses for such a member. The chemical 
composition and the tensile properties of the steel in the failed beam 
we~e well within ASTM-A36 Specifications. Also, the fracture toughness 
of the steel, as indicated by the Charpy V-notch tests was found to meet 
the AASHTO requirements for service temperature down to -30 0 F (-34° C) 
which is lower than the temperature probably experienced by the failed 
beam. 
The fracture initiation in the failed beam was a res t of the pre-
sence of repair plug welds. The photographs of the fracture' surfaces 
clearly show that the cracks initiated at the welds, and propagated in 
both directions from the weldso The radiographs of the areas with plug 
welds show very poorly made welds with large unacceptable defects. Al-
though the failure required a low temperature and a material that would 
sustain brittle fracture propagation, the brittle fracture would not have 
occurred if the defective plug welds had not been present. The retention 
of the open holes or holes filled with high strength bolts would have been 
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a much better solution and would not have resulted in the brittle fracture. 
Selected Metric Conversion Factors 
l-ksi = 6.8948 MPa 
1- ft. 1 b. = 1 .3558 J 
l-ks-; Ii n. = 
_ 3/ 
1.0988 MNm 2 
l-lb. = 4.448 N 
1-in. 2 = 645.16 mm2 
l-ft. = 0.3048 m 
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Truck 
Run Gage 
No. No. 
1 44 
(Crawl) Cen- 14 
tered on Beam 24 
Line 2. (South 34 
boundl 
2 44 
(Crawl) Right 14 
wheels Over 24 
Beam ne 2. 34 
South bound) 
3 44 
(Crawl) Cen- 14 
tered on Beam 24 
Line 4. (North 34 
bound) 
4 44 
(30 mph) 14 
Centered on 24 
Beam Line 2. 34 
{South bound) 
5 44 
(15 mph) 14 
Centered on 24 
Beam Line 2. 34 
(South bound) 
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TABLE 1 
MAXIMUM STRAINS AND COMPUTED STRESSES 
FOR BEAM 2B2 OF STRUCTURE OVER I-57. 
~1AX TENSION 
Strain Stress 
(u,in/in) Ksi (MPa) 
85.2 2.56 (17.65) 
3.5 0.10 (0.69) 
68.6 2.06 (14.20 
73.7 2.21 (15.24) 
76. 1 2.28 (15.72) 
3.5 0.10(0.69) 
66.8 2.00 (13.79) 
66. 1 1.98 (13.65) 
34.6 1.04 (7.17) 
1.2 0.04 (0.28) 
29.7 0.89 (6.14) 
28.6 0.86 (5.93) 
94.6 2.84 -( 19.58) 
3.5 0.10 (0.69) 
77.8 2.33 (16.07) 
82.4 2.47 (17.03) 
88.8 2.66 (13.34) 
2.3 0.07 (0.48) 
74.9 2. 25 (1 5. 51 ) 
76.0 2.28 (15.72) 
1-ksi = 6.895 MPa 
MAX COMPRESSION 
Strain Stress 
(u,in/in) Ksi (MPa) 
11 . 4 0.34 (2.34) 
7.0 0.21 (1.45) 
8.0 0.24 (1.65) 
9.2 0.28 (1.93) 
11.4 0.34 (2.34) 
4.6 0.14 (0.97) 
8. 1 0.24 (1.65) 
9.3 0.28 (1.93) 
6.9 0.21 (1.45) 
3.5 0.10 (0.69) 
5.7 0.17 (1.17) 
6.9 0.21 (1.45) 
20.8 0.27 (1.86) 
8. 1 0.24 (1.65) 
18.3 0.55 (3. 79) 
18.6 0.56 (3.86) 
16.2 0.49 (3.38) 
6.9 0.21 (1.45) 
12.7 0.38 (2.62) 
12.7 0.38 (2.62) 
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TABLE 2 
CHEMISTRY OF W36 X 150 BEAM 
Carbon 
Manganese 
Phosphorus 
Sulfur 
Carbon 
Manganese 
Phosphorus 
Sulfur 
Silicon 
Nickel 
Chromi urn 
Molybdenum 
Copper 
Aluminum 
(a) Mi 11 Report 
0.22 percent 
0.82 percent 
0.007 percent 
0.022 percent 
(b) Check Test 
0.23 
0.89 
0.007 
0.013 
0.06 
0.02 
0.05 
<0.01 
<0.01 
<0.005 
percent 
percent 
percent 
percent 
percent 
percent 
percent 
percent 
percent 
percent 
(c) Current ASTM Specification A709-Grade 36 
Carbon 
Phosporous 
Sulfur 
0.26 percent (max.) 
0.04 percent (max.) 
0.05 percent (max.) 
Spec. 
No. Location 
TF-l Fl ange 
TF-2 Flange 
TF-3 Fl ange 
Average. 
TW-1 Web 
TW-2 Web 
TW-3 Web 
Average. 
~1i 11 Report 
ASTM-A709 Grade 36 
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TABLE 3 
RESULTS OF TENSILE COUPON TESTS. 
W36 X 150 
Yield Point 
Ksi (MPa) 
45.03 (310.5) 
41.73 (287.7) 
41.71 (287.6) 
42.82 (295.2) 
42.03 (289.8) 
43.81 (302.1) 
44.70 (308.2) 
43.50 (300.0) 
44.65 (307.9) 
36 (mi n. ) 
(248.2) 
Ultimate Strength 
Ks f(MPa) 
68.54 (472.6) 
68.49 (472.2) 
67.65 (466. 4) 
68.23 (470.4) 
71.20 (490.9) 
71. 27 (491.4) 
71.33 (491.8) 
71.27 (491.4) 
70. 55 (486. 4 ) 
58-80 (400-552) 
Elongation 
in 8 in.,% 
30.5 
30. 7 
30.4 
30.5 
27.4 
28.0 
. 27.1 
27.5 
28.7 
20.0 (min.) 
Note: Material specified to be ASTM A36-67: all specimens cut in direction 
of ro 11 i ng. 
TABLE 4 
CHARPY V-NOTCH TEST DATA 
(WEB SPECIMENS) 
Energy Energy 
Temp. Absorbed Temp. Absorbed 
Spec. No. ° F (OC) ft. 1 b. ( J) Spec. No. of (OC) ft. 1 b. ( J) 
WL13 - 30 (- 34) 4 (5.4) WT22 -30 (- 34) 9 (12.2) 
WL18 - 30 (- 34) . 3 (4. 1 ) WT19 - 30 (- 34) 4 (5.4) 
WL16 - 30( - 34) 6 (8.1 ) WTll - 30 (-34) 6 (8. 1 ) 
avg. "4 (5.4) avg. "6 (301) 
WL20 -23 (-31) 4 (5.4) WT1 -21 (-29) 6 (8.1) 
WL24 -23 (-31) 9 (12.2) WT8 -21 (-29) 5 (6.8) 
WL7 -23 (-31) 6 (8.1) WT24 -21 (-29 ) 4 (5.4) 
avg. "6 (8.T) avg. 5 (6.8) 
WL8 10 (-12) 9 (12.2) WT6 10 (-12) 11 (14.9) 
WL23 10 (-12) 31 (42) WT18 10(-12) 12 (16.3) 
WL22' 10 (-12) 26 (35) WT7 10 (-12) 12 (16.3) 
WL9 10 (-12) 13 (17.6) avg. 12 (16.3) 
avg .. 20 (27) 
WL11 20 (-7) 9 (12.2) WT23 19 (-7) 12 (16.3) 
WL17 20 (-7) 12 (16.3) WT17 19 (-7) 9 (12.2) 
WL5 20 (-7) 26 (35) WT2 19 (-7) 11 (14.9) 
avg. 16 (21. 7) 11 (14.9); 
WL3 40 (4) 43 (58) WT4 40 (4) 26 (35) 
WL12 40 (4) 43 (58) , WT12 40 (4) 18 (24) 
WL19 40 (4) 43 (58) WT16 40 (4) 21 (28) 
avg. 43 (58) 22 (30) 
WL10 75 (24) 67 (91) WT13 75 (24) 30 (41) 
WL15 75 (24) 65 (88) WT20 75 (24) 27 (37) 
WL4 75 (24) 61 (83) WT5 75 (24) 28 (38) 
WL21 75 (24) 69 (94) avg. 28 (38) 
avg. 65 (88) 
WL2 200 (93 90 (122) WT3 200 (93) 44 (60) 
WL6 200 (93) 88 (119) WT10 200 (93) 44 (60) 
WL14 200 (93) 88 (119) WT9 200 (93) 42 (~) 
avg. 89 (121) avg. 43 (58) 
1-ft. lb. = 1.3558 J 
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TABLE 4 (Contid) 
CHARPY V-NOTCH TEST DATA 
(FLANGE SPECIMENS) 
Energy Energy 
Temp. Absorbed Temp. Absorbed 
Spec. No. OF (OC) ft. 1 b. ( J) Spec. No. ° F (OC) ft. 1 b. ( J) 
FTll -30 (-34) 9 (12.2) FM7 - 30 (- 34) 17 (23.0) 
FT16 - 30 (- 34) 5 (6.8) FM19 -30 (- 34) 9 (12.2) 
FT21 - 30 (- 34) , 10 (13.6) FM14 - 30 (- 34) 13 (17.6) 
, , avg. 8" (10.8) avg. 13 (17.6) 
FT22 ~20 (-29) 6 (8.1) FM21 -20 (-29) 4 (5.4) 
FT12 -20 (-29) 4 (5.4) FM15 -20 (-29) 7 (9.5) 
FT3 -20 (-29) 10 (13.6) FM5 -20 (-29) 6 (8. 1 ) 
avg. 7 T9.5) avg. "6 (8.1) 
FT14 10 (-12) 43 (58) FM2 10 (-12) 44 (59.7) 
FT24 10 (-12) 34 (46. 1 ) FM9 10 (-12) 39 (52.9) 
FT1 10 (-12) 29 (39.3) FM13 10 (-12) 29 (39.3) 
avg.' 35 (47.5) avg. 37 (50.2) 
FT2 18 (-8) 32 (43.4) FM10 19 (-7) 27 (36.6) 
FT7 18 (-8) 31 (42.0) FM3 19 (-7) 12 (16.3) 
" FT20 18 (-8) 38 (51.5) FM16 19 (-7) 23 (31.2) 
avg. 34 (46. 1 ) avg. 2T (28) 
FT4 40 (4) 49 (66.4) FM24 40 (4) 25 (33.9) 
FT8 40 (4) 57 (77.3) FM11 40 (4) 25 (33.9) 
FT9 40 (4) 56 (75.9) FM6 40 (4) 55 (74.6) 
avg. 54 (73.2) FM18 40 (4) 64 (86.8) 
avg. 42 (57) 
, FT10 75 (24) 84 (113.9) FM8 75 (24) 97 (131.5) 
,-,-FT5 75 (24) 82 (111.2) FM17 75 (24) 81 (109.8) 
FT23 75 (24) 85 (115.2) FM23 75 (24) 86 (116.6) 
~vg. 84 (113.9) avg. 88 (119) 
FT18 200 (93) 121 (164.1) FM1 200 (93) 118 (159. 9) 
FT13 200 (93) 125 (169.5) FM12 200 (93) 117 (158.6) 
, 'FT15 200 (93) 112 (151.8) FM20 200 (93) 117 (158.6) 
avg. 119 (161.3) ill (158.6) 
1-ft. lb. = 1.3558 J 
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TABLE 5 
RESULTS OF FRACTURE TOUGHNESS TESTS. 
Test, Temp, Crack Length, Lo~d at Fracture Fracture Touahness KC~ -' _ 3 
Spec. No .. of (OC) in. (mm) Ki ps (kn) Ks i ;:rn. (~1Nm Y2) 
1A - 1 B -20 (-29) 1.04 (26.4) 92.6 (411.9) 55.6 (61.1) 
2A - 2B -20 (-29) 0.76 (19.3) 98.25 (437.0) 48.9 (53.7) 
3A - 3B -40 (-40) O. 775 (19.7) 97.7 (434.6) 49.8 (54.7) 
4A - 4B -20 (-29) 0.85 (21.6) 94.9 ( 422. 1 ) 51.7 (56.8) 
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TABLE 6 
TENSILE TEST OF SPECIMENS WITH PLUG WELDS. 
Specimen Tensile Stress on 
Gross Area, Test Temp, Stren{th, Gross Area, 
Spec. No. Sq . in. (mm2 ) ° F (OC) Ki ps KN) Ks i (M Pa) 
lOa 1.842 (1188) -20 (-29) 100.97 (449.1) 54.82 (378.0) 
lOb 1.822 ( 1175 ) -20 ( -29) 105.13 (467.6) 57.70 (397.8) 
10c 1 .815 ( 11 71 ) -20 (-29) 114.9 (511.1) 63.31 (436.5) 
10d 1.807 (1166) -40 (-40) 99.6 (443.0) 55.12 (380.0) 
South Splice 
55 1 -8 
South 
Splice 
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\ 
1-51-SW 
North 
(I-ft = 0.3048 m) 
Fig. 1 Plan and Elevation of I-57 Bridge 
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Fig. 3 Test-Section With Fractures 
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Fig. 7 Test Truck Loaded With Gravel 
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Fig. 10 Specimen Used for the Determination of Fracture Toughness 
Parameter Kc at Low Temperatures and Low Strain Rates. 
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Fig. 11 Prints From Radiographs of Plug Welds 
(a) 
(c) 
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g. 12 Photographs of Fracture Surface 
(See Fig. 13 for Locations) 
(b) 
(d) 
-38-
-39-
( i ) 
Fig. 12 (Cont1d) 
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......-..... Direction In hieh PhotoQroph Was Token 
Fig. 13 Locations of Photographs in Fig. 12 
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( Flange) 
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Crack Posit ion 
Direction of Crock 
Fig. 14 Crack Propagation from Plug Welds 
